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We, F. W, Berk & Company 

British Company of Berk House, 8 Bi 

Street, London, W,l, do hereby dedare the 
mvention for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly described 
in and by the following statement:^ 

This invention is concerned with polymer 
ocunpositions having and-static properties and 
widi the production of such compositions. 

An undedtafale feature oi many synthetic 
polymers for certain applications is tiieir ability 
to build up charges of static electricity. 
Attempts have been made to ovencome this 
disadvantage by treadng the surface of the 
polymer with certain compounds and it is also 
known to incorporate in the pdymer organic 
compounds which impart anti-static properties 
to the polymer. Many of the anti-static com* 
pounds used hitherto have suffered the dis- 
advantage of being thenno-lalnle and as a 
result polymers containing such compounds 
have been found to discolour badly upon heat- 
ing the polymer, for example to the tenmera- 
tures required for extrusion. The insMility 
of such compounds manifests itsdf also in the 
small gas bubbles which form upon heating 
certain polymers, such as polystyrene, which 
contain anti-static compounds of the prior art 
We have now found that a certain class of 
organic quaternary flmmnnh''m salts are cap- 
able of unparting antistatic properties to 
synthetic jjolymers when incorporatSi in sudi 
polymers in small proportions and tiiat the 
polymers contaming said ammonium sahs do 
not discolour or generate gas bubbles within 
the polymer upon heating the polymer to 
normal processing ten^eratures to me same 
extent as do synthetic polymers containing 
known anti-static compounds of the quaternary 
amomnwm type, sudi as lauryl dimethyl ethyl 
ammonitim ethosulphate and distearyl dimethyl 
. chloride. 



The organic quaternary flmin^nium salts for 
use m accordance with the inventiQa have 
the formula:— 
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where Ri is a straight chain alkyl group con- 
wming from 10 to 18 carbon atoms; and 
Ra, which may be the same or different, are 
straight cham alkyi groups containmg 1 to 6 
cariwn atomsj R4 is a straight chain alJgrl 
group containing from 1 to 6 or 10 to 18 
cwbon atoms; Rj is a straight or branched 
cham alkyl or alkenyi group ccmtaining up to 
18 carbon atoms, an aryl group such as phenyl 
OT^^phxhyl^ an ara&yl or alkaryl group the 
alkyl part of which contams up to S carbon 

atops; and X is an ani<»iic group, such as n ^ 

-£00^, -50,-, -PO,— ; X may be ^ ^ 
tttached to the aromatic nucleus of R^ when 
Ra ^ an aralkyl or alkaryl group. These salts 
are m certam cases herdnafier refered to, for 
convenience, as the "anti-static agents". 

Preferred anti-staiic agents are those in 
\vhich Ri & a straight chain all^l group con- 
tainhig firom 12 to 18 carbon atoms, advan- 
tageously from 15 to 18 carbon annus; R« and 
R3 are methyl or ethyl groups; R^ is any one 
o( the groups; mediy^ ethyl, cctyi and stearyl; 
and R3 is an aliphatic group containing from 
10 to 18 carbon atoms or an aralkyl or alkaryl 
group the alkyl part of which contams from 
10 to 18 carbon atoms. R^X is advantageously 
an acid radical such as is contained in com- 
mercially available syntiietic detergents or m 
soara of vegetable or animal origin, X is 
prderably a carboxy or sulphonic add group. 

Specific suitable salts are, for example, dis^ 
tearyl dimethyl ammcMiium dodecyl benzene 
sulphonate, distearyl dimethyl mn^Aiifum 
paunitat^ dicetyl dimediyl ammonium dodecy] 
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benzene sulphonate, dioeQd dimethyl am- 
monium palmitBte;, distea^ dimethyl am- 
monium stearat^ dicetyl dimethyl ammonium 
soearate, stearyl trlmedbyl ammonium dodecyl 
benzene sulphonatej oetyl tximethyi ammonhim 
dodec^ bei^sene 8U^honate> mixtures of said 
stearyl and cttyi trimethyl ammonium dodecyl 
benzene sulphoxiate prepared for instance from 
commercially available products containing 
both stearyl and cetyl compounds, lauryl dt- 
meth3l ediyl ammonium dodecyl benzene 
sulphonate, laur34 dhnethyl eth^ ammonium 
pamokate, stearyl dimethyl ethyl ammonium 
stearate^ and palmityl dimethyl butyl am- 
m rn if ii^f dodecyl benziene sulphonate. 

The anti-static agents effectively confer anti- 
static properties imon a wide range of synthetic 
polymeric materials ivhen hicorporated in such 
materials^ indndiag^ fbr example, polyvin^ 
compounds such as polyvinyl diloride, poly- 
vinyl acetate and polystyrene, polyvmj^dene 
compounds, polymers of allyl compounds, and 
polyolefines sum as polyeuiylene and poly- 
ptopyisnt. Copdymersy such as vinyl chloride- 
25 vinyl acetate copolymer, can also be effectively 
treated in accordance \rith tiie invention, 
y The proportion of the anti-static agent ia- 
/** corporated in the pdymer will depend upon 
the nature of the polymer and the degree of 
anti-static properties which it is desired to 
impart to die polymer. Goierally, less than 
10% of the salti by wdght of the polymer, 
will be used. In many cases up to 5% of the 
salt, by weight of the polymer will be adequate, 
whereas with some polymers as little as O-Sy, 
of the sak, by weight of tiie polymer, will 
in^)art sufficient anti-static properties to the 
polymer. With polystyrene, fbr mstance, from 
0.25% to 5%, but preferably 1% to 2%, of 
the saltj by weight of the polymer, may be 
used. With polyethylene, on the other hand, 
2% to 3% of tiie salti by wdght of die poly- 
mer, is suitable, wtereas for many applica- 
tions as littie as 0.1% in polyetiiYlflne witt 
give a useful result 

The anti-static agents are, m g^eral^ waxy 
solids. Although they can be incorporated in 
synthetic polymers in this form there are 
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certam handlmg and prooessiiw difficulties 
associated with the use of the stub. As many 
of the polymers utto which the salts are to be 
introduced are pulverulent solid^ it is advan- 
tageous to transform tiie salts into pulverulent 
soHds prior to incorporation in the polymer. 
We have found tiiat this can be effected by 
combuung the salt with an inoiganic material 
which is substantially inert witii respect to 
the polymer and the salt and has an oil- 
absorbing capacity. Useful inoiganic materials 
whidi can be employed are those which are 
used as fillers in synthetic polymers^ including 
those fillers which are also used as pigments. 
Mention may be made of the following in- 
organic materials which are suitable for com- 
bination witii the anti-static agents: — silica, 
diatomaceous earth, calcium silicate^ chall^ 
dolomite, barytes, barium sulphate, china clay, 
kaolin, and titanium dioxide. 

The ratio of anti-static agent to inorganic 
material in such mixtures (which will herein- 
after be referred to, for convenience, as the 
^'anti-static additives") will in general be 
determined by the following factors:— the 
degree of fluidity desired of the mixture, tiie 
oil-absorptive power of the inorganic material 
(tiie greater the oil-absorptive power, the less 
inorganic material will be required to produce 
a given degree of dryness of solid, and vice- 
versa), and the maximum concentration ot the 
anti-static agent which is compatible with the 
d^ee of fluidity desired of the anti-static 
additive. 

In general, we find that the anti-static addi- 
tive should contain at least one part of the 
salt for three parts of the inorganic material 
and no more tiian three parts dt the salt per 
part of inorganic matenal, to give a solid 
product which can be readOy incorporated in 
a pulverulent polymer ccanposition. 

Pulverulent anti-static additives have been 
prepared from distearyl dimethyl ammonium 
doctecyl benzene sulphonate, for e x a mple , with 
different proportions of certahi morganic 
tnffwrifliftj and the physiral form of tiiese anti- 
static additives is indicated below:— 
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Inotgpiuc 


Parts by 


Disteaiyl dimeCfayl 
ammomumdodecyl 
benzene su^honate 
Farts by \?eight 


Physical Ibim 
of anti'^tatic 
additive 


**DicaUte" 
W.B,5. 


2 


1 


fflTftctilfltie 
solid 


"Aerosil" 




2 


. particixlatfi 
solid 






1 


fi^ee-flowing 
powder 


Calcium 
silicate 




2 


particukte 
solid 


Caldum 
silicate 




3 


particulate 
solid 


23 




1 


fi:e&"flowiQg 
-powder 


Titanium 
dioxide 


3 


1 


lumpy Gofid 



''Dicalite" ^ oommerdal diatomaceous eardis trade marie 

^'Aetoail'' ^ commerdal siHca; trade mnifr 

"Gasil'* commerdal micronised silica gd; trade mntfr 
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The anti-static additive may be prepared, 
for example, by dissolving or suspending the 
salt in a suitable organic solvent (for instance, 
methyl ethjd ketone or acetone) and adding 
the inorganic material to Ac solution. After 
thorough mixing, tiie paste formed is dried 
to remove the volatiles leaving a particukte 
solid winch does not usually require grinding. 
Alternatively the salt can be melted and the 
inorganic material di^n added to it and 
thoroughly blended with it. This latter method 
does not require a drying step since there are 
00 volatiles to be removed. 



The anti-fitadc agents or the and-static 15 
additives may be incorporated in synthetic 
polymers in any suitable way. The compound- 
mg procedure to be used ^nll vary according 
to the and physical form of the polymer. 
It is convenient; however, to use a two rdl 20 
mill (and press where necessary), the guide 
plates bemg set in at least one inch from 
each side of the rolls. The temperature to 
which the mill should be heated will vary 
according to the polymer; the following are 25 
suitable temperatures for certain polymers: — 
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Tempemtnre 


'^C mill 
(steam exit 
tempetature) 


Correspcmds 
to mill 
surface 
temperature 


press 


Flasticised oolwinvl dilocide 
(oontaining mare thaa 10 parts 
of olasticlser ner 100 of T^m\ 


160 


155 


160 


PolvgtVFtine rCrP atul hfnlv fmnarfN 


160 


155 


150 


Low density po^^et3](yIene 


155 


150 


145 


density poiyedi]4ene 


170 


165 


170 


Vinyl chloride ooplpymer (14% 
acetate) 


140 


135 


145 


Rigid p.v^. (all K values 55— 65) 


175 


170 


180 


Polymetfayl medieciylate 


170 


165 


170 


Acrylanitrile-'batadieae-styrene 
texpolymer j 


160 


155 


160 
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^ For polymers in powder fbnn» sudi as poly- 
yinyi dhloxide powder, it is advisable to add 
the anti-static agent as a 50% weight scdu- 
tion or suspension in a suftame organic solvent 
to ^e powder blend. Advantageously a con- 
centcHte or mastecbatch of the anti-stadc agent 
solution or suspension and a proportion of 
the polymer is prepared by blending in a 
Hobart mixer. The masterbatcb may then be 
introduced into the bulk of the polymer. 
Altemadvely, if a liquid additive, such as a 
liquid plastidser, is to be added to the poly- 
mer, the liquid additive can be used as me 
vehicle for uie anti-static agent thus obviating 
the use of an orgai^c solvent. 

With pollers in granular form, the anti- 
static agent is conveniently added as a master- 
batch tx> polymer banded on the front roll of 
the mUL After addition of the anti-static agent 
is complete, cross-blending is preferably 
carried out at frequent internils. 

In some cases addition the anti-static 
Agent is difficult since it causes over-lubrica- 
tion and causes the batch to break up Into 
smaller pieces. Compoundmg can be achieved 
in such cases by banding the polymer and 
slowly adding^ the anti-static agent to the mill 
without allowing the band to become disrupted, 
and blending niUy each aliquot of anti-static 
agent added before making the next addition. 
Use of an anti-static additive as described 
above, rather than the anti-static agent per se^ 
may facilitate such compounding operations. 



If desued the polymer composition con- 35 
taiidng the uid-stanc agent may, after mOUng, 
be granulated,, extruded, le-granulated and 
pressed into sheets. 

The pressing of milled pdymer is of par- 
ticular significance in the resistiviQr testing of 40 
polymers, which, after milling do not possess 
a surface which is sufficiently smooth for such 
tests. 

In order that die invention may be more 
folly understood, the following examples are 45 
given by way of illustration only, all parts and 
percentages being by weight unless otherwise 
stated. 

In the examples, apart from Example 1, 
the apparatus used for determining surface and 50 
volume resistivities was Electronic Listruments 
limited Model 29 A, 20 million Megohmeter, 
with graphite electrodes. For surface r^s- 
tivity measurements the centre electrode was 
attached to the hi^ position, the outer elec- 55 
trode to the low position and the square elec- 
trode to the guard position on the megohmeter. 
For volume resistivity measurements, the 
centre electrode was attached to the high posi- 
tion, the square electrode to the low position 60 
and the outer electrode to the guard position 
on the megohmeter. All samples submitted to 
resistivity tests had a substantial^ uniform 
thickness of about 0.05 inches. 

Meter readings were ^ter 1 minute from 65 
the commencement of the test with the meter 
set to 500 volts D.C. and the guard earthed. 
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The surface resistivity (S JL) and volume re- 
sistivity (V JL) were calculated from the fol- 
lowing formulae:-— 
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2vR 

logfl — 
d 



' ohms 



^IM^WxR ohms 

^idiere D and d axe electrode diameters 
and equal 10.15 cms. and 7.48 cms. 
respectively^ and R is the meter reading. 

d 

ir(— )«xR 
2 



VJL«- 



10 



Rx 1.74x10^ 



ohms cms. 



where Tss thickness in cms. of sample 
tatbickness in indies of sample 
Rb meter reading 
d (electrode mamecer)=7.48 
cms. 

Samples for tesdng^ measuring 6^x6'', 
were prepared as follows: — three concentric 
circles were drawn on the sam^ the dlam^ 
of each corresponding to the diameteis of the 
test electrodes. Hie areas of the centre circle 
and the outer ring left by the two outer circles 
were coated with a graphite dispersion and 
allowed to dry. The reverse side erf each 
sample was also coated with die graphite dis- 
persion to widun i inch of its edges and 
allowed to dry. When testing a sample, it was 
placed upon die square electrode the outer 
electrode was placed on the outer grai^te 
ring of the sample and die centre electro^ on 
the^ central didLt of graphite on the sample, 
taking due care to align the electrodes and 
graphite covered surfaces of the sample. 

fix Example 1, the equipment used for 
resistivi^ aeteiminations was a Terraohm- 
metcr. Type D3 made by Richard Jahre of 
Berlin. The electrodes ^d surrounding diam- 
ber axe described in the Nethadanc<sNatk^ 



Standards HC NN— ^NBN 1514 of January 
1957. (The eleotodes are knife shaped and 
made of conducting nibber, 100 mms. loog 
and 10 mms. apart). 

Apart from re^tivl^ determinations, the 
anti-static properties of tibe polymers were also 
evaluated by a dust pick-up test in certain 
cases. Long term dust pick-up was detennined 
by punching a hole ia&Ti by 6" sample and 
then hanging the sample vertically on a dust 
exposure radc for seven days. The sample was 
then compared with a blank, containing no 
anti-static agents which had been simUatly 
treated* The following rating for dust pick-up 
was used:— 
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no dust pick-iip 1 
Light dust pidc-up 2 
Heavy dust pattems-fem leaf brandling 3 55 



€0 



Short temi dust pidc-up was determined by 
rubbmg the samples^ which had been subjected 
to die long term dust pick-up test, with a 
fresh dean piece of cotton wool. Each sample 
was stroked twenty times in one direction 
only. The saniple was then held Y above a 
gemiy agitated tray of french dialk. The 
following tating for short term dust pidt4ip 
was used:— 

No dust pidErup 1 
S(Hne dust pick^ip 2 
Heavy dust pidc-up 3 

Unless otherwise stated, in all the examples 
and comparative experiments^ the samples were 
conditioned in a humidi^r chamber set at 23^0 
and between 50% and 53% rdative humidity, 
for 24 hours prior to testmg for resistivity or 
dust pick-up. 

Determination of colour change on heating 
samples hi air, referred to in the following 
examples, was effected in every case by 
placing a sample of the test material measur- 
ing 2^ by 2^ on an aluminium sheet measuring 
6 by 6 . The sample on the aluminium sheet 
was then placed jk a forced draught oven 
and heated either at 180^C for 5 minutes or 
250°C for 30 minutes. The colour of die 
sanaple was dien noted. 



EXAMPLB 1 

Polyvinyl diloride composittons of the 85 
following composition were prepaxed: 
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Farts 



Potymer 


Polyviayi diloride resin sold 
under the trade mark "Gorvic" 
D65/6 by I.C.L Ltd. 


100 


Plastidser 


dioctyl phthalate 


50 


Stabiliser 


tnbasic lead sulphate sold 
under the trade name "Tribase" 
by F. W. Berk & Co. Ltd. 


3 


And-static ageat 


disteaxyl dimethyl ammonium 
dodeqrlbenzene sulphonate 0, i, 


l,2,and5 



Polymer, plasddser and stabiliser were pre- 6 minutes and in the case of the higher 

mked in a glass beaker by hand with a spatula, amounts, it was effected over 14 minutes. The 

The pvemix was added to a two roll mill so as mixtore was cross blended continuously durmg 

5 tD^ ton a band of fluxed material hi 1--2 the millmg operation. 20 

minutes . The roll tenmeratures of die mill After the final addition of the anti-static 

were: front 135^0, bade 125°C The mOl was agent, a funher mmute of millmg was carried 

on fricdon rado, LL tiie back roll turned 1.15 out to ensure complete blending, 

revdudons to each revohitian of die firant The hide (0.050 inches thick) was wrapped 

10 The weighed amount of ami-static agent hnmediately h r^enerated cellulose film and 25 

was added gradually so diat die mixture did aUowed to cooL Two d'^x 8^ rectangles were 

not fall fnnn the rolls. The and-static agent cut from the cooled hide and also wratmed 

has a lubricatmg actioxi, and if added aO at hi regenerated ceMose fihn. 

once to the mixture causes the mixture to fall The surface resistivity of the sample was 

15 £rQmtfaerolls,Ihthecaseof the lower amounts detennined at 26^C wfrh die followmg restdts: 30 
of ami-static agen^ addhion was effected over 
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EZAMSLE 2 

A flexible polyvinyl composition of the Mowing fonnulation was prepared:— 

Parts 

Polymer Po^lnyl chlodde fesin sold 100 

under Ae trade mark **Breon" 

112 by Btitisli Geon Ltd. 

Flasticiser dioctyl phUiabte 30 

Stabiliser otgano cadmium-bazium 3 

— ■ — - compouml sold tinder tiie 

trade maik ''Flomas^' 25 

by R W. Berk & Co, Ltd. 

Anti-Static Agent disteaiyi dimethyl ammonium 0«f»i«|, 1, 1}, 1} 
—————— dodecgH boizene snlphonate 



The polymer composition was compounded for resistivity and dust pick-up with the fol- 
5 in a manner snnilar to that described in Ex- lowing results: — 
ample 1, and tested in the way described above 



Parts 
axiurstatic 
agent 


SK after 
1 vreek 
ohms 


VR after 
1 we^ 
ohms. cms. 


YR after 
15 weeks 
ohms. cms. 


Dust attraction 


short term 


long term 


0 


1.4 X 10" 


1.7 X 101* 


>4 X 10" 


2 


trace 


i 


1.43 X 10" 


1.24 X 10^ 


1.10 X 10" 






i 


2.24 X 10^ 


2.20 X 10" 


2,50 X 1011 






f 


2.46 X lO^B 


2.52 X 1011 


2.46 X 10^ 






1 


2.66 X 1012 


2.35 X ion 


2.40 X 1011 








1.76 Xl0« 


2.38 X 1011 


2.20 X 10" 






14 


1.57 X 10^ 


1.56 X ion 


1.74 X 10" 







10 ECAMFIS 3 

A rigid vinyl chloride-viiiyl acetate cqpoly^ was prepared, (the copolymer contamed 14% 
mer composition of the following foimulatioa of ms acetate):— 



Parts 



Polymer V.C./VJL copolymer 100 

Stabiliser dibnq^ tin maleate 10 

Anti-static Agent disteaxyl dimetix^ ammonium 5 
dodecyi benzene sulphonate 



WEST 




1,014,539 9 

The copolymer was miUed as described testing for sat£Bce lesistmly as described 
b Example 1 and then pressed into sheets for above: il» following lesuhs were obtained:—. 



Parts of 

Anti-static Agent 


S.R. 

otims 


Short term 

dust pick-up 


0 


>m 


3 


5 


2.4 X 10" 


1 



Example 4 

A rigid innyl cfaloiide-vinyl acetate copoly- tion was prepared (the copolymer contained 
mer composition of the follow&ig formula- 14% of the acetate):— 10 

Parts 



Polymer V.C/VJV. cqpdymer 100 

Statnlxser tcibasic lead sulphate sold 10 

under the trade name "Tribase" 

by F. W. Berk & Co. Ltd. 

Anti-static Agent distearyl dlmetlQl ammoniom • 5 
dodecyi benzene sulphonate 



The copolymer was compounded with the pldc-up as in Example 3, with die following 15 
anti-static agent as described in Example 3 xesidts:— 
and tested for surface res i st ivi^ and dust 



Parts of 


S.R. 


Short term 


Anti-static Agent 




dust pick'-up 


0 


<10" 


3 


5 


3.6 X 10" 


3 


5 


1.9 X 10i« 


3 



EXAMPLB 5 

A toi^hened polystyrene composttion was prepared In accordance witii the foUowbg 
20 formiilation:— 



Parts 



Polymer 


Polystyrene sold under the 
trade mark "Oarinex'' natural 
by SheE Qiemical Ltd. 


100 


Anti-static Agent 


distearyl dimethyl amnumium 
dodecyi benzene sulphonate 


1 


Inorganic material 


diatomaceoTis earth sold under 
the trade name '^Dicalite" WB5 
by F.W.Bed:& Go.Ll3d, 


2 
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10 



The anti-etadc agent and inozganic material 
were thorougfaly mixed together and a master- 
batch was prepared from the mixture and 
"Carinex" natural. The masterbatch was tbea 
added to the bulk of the "Carinex" natural on 
the mill. The composition was milled at 155°C 
(mill smrface temperatnre) and pressed (at 
l50°C) into sheets which were then processed 
for heat stability testing as described above. 
Heat 8tabi% tests at 250°C for 30 minutes 



were carried out on the above, samples^ with 
a blank (which differed from the test samples 
in that it did not contain anti-static agent or 
diatomaoeous earth) and a sample contsuiung 1 
part of kuxyl dhnethyl ethjd ammonium etibo* 
sulphate per 100 pans of reshi, for comoarar 
ttve purposes. AH samples were examinecl for 
^8 bubble fiormation after die hoitmg opera- 
tion. 



15 



Anti-ststic agent 


cdaur of pdyn 


ler after headng | 


eaposed sucfhce 


underside 


- uas xormauon 


nil 


ligiit brown 


off-white 


none 


distearyl dhnethyl 
ammonimn dodeq^I 
benzene sulphonate 


medium brawn 


bff-whlte 


none 


lauryl dimethyl ethyl 
ammonium e&o- 
sulphate 


dark brown 


pale yellow 


severe 



Examples 6 to 11 

^mpk 5 was repeated but ^TOoUite" was odier inorganic materials. The resistivity and 
replaced by different proportions of various dust pick-up results arc tabulated bel(w:— 
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Example 12 

A polystyrene composttian of Ae followmg fonmiiarion was prepared :- 



10 



Pdymar 


•'Cannes" natural 


100 


And-fitatic Agent 


disteaxyl dimethyl 
ammoniom dodecyl 
benzene sulphoBate 


0.25; 0.50; 
0.75; 1.00; 
1.25; 1.50; 
3.00; 6.25; 
10.0 


Ihoiganic Matedal 


dtoniam dioxide 


3 parts per part 
of anti-static qgent 



A 50% solution of the anti-static agent in 
methyl ethyl feetone was added slowly to the 
trtanhim dioxide and the whole mhoed into a 
smoodi paste. The paste was spread out on a 
tray and heated in an oven at lOO^C for 45 
minutes. After removal of the tr^ fixim the 
ovai, the mass of ami^stadc additive was 
farokea up and i&-heated for a iunfaer 15 



minutes at lOO^C to ensure removal of vola- 
tHes, 

The anti-static additive thus prepared was 
added slowly to the polystyrene in me mill as 
described in the foregoiiig examples. The 
resultant product was pressed into sheets and 
prepared for resistivity and dust pidc-op tests 
as described above. 



15 



Tztts of. 
Anti^'Ststic 
Agent 


SJL 
(ohms) 


Dust pick-up 


long term 


short term 


0 


4 X 101* 


3 


3 


0.25 


aj 1.0 X lOM 
b) 1.5 X m 


2 


3 


0.50 


a) 7.1 X 10^3 

b) 5.0 X 10" 


2 


3 


0.75 


a) 2.0 X 10» 

b) 4.2 X 10» 


2 


3 


1.00 


a) 4.1 X 10" 

b) 3.1 X 1018 


1 


2 


.1.25 


a) 1.5 X 10^ 

b) 2.5 X 10» 


1 


2 


1.50 


a) 2.8 X m 

b) 2.2 X 10" 


1 - 




.5.00 


a) 2.2 X m 

b) 1.3 X m 


1 


1 


6.25 


a) 7.8 X 10" 

b) 5.6 X 10" 


1 


1 


10.0 1 


a} 2.0 X 10^ 
b) 2.0 X lOtt 


1 


1 
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EXAMFLB 13 

Example 12 was repeated usinp a formula- 
tion containing 1 part of the anti-static agent 
and 3 parts of titanium dioxide per 100 parts 
of the polystyrene sold under the trade mark 
'TDistrene** Q— 9015 by Distrene Ltd. The 
surface resistivity of this formulation was found 
ta be 1.18 xlQi* ohms. 



EXAMFLB 14 

Example 13 was repeated but 'TDistrene" 
0—9015 was replaced by the polystyrene sold 
under the trade mark '^Bextrene" BC15 by 
BJX. Plastics Ltd. The surface resistivity of 
this formulation was found to be 6.0x10^^ 

Example 15 
A high density polyethylene composition of 
the fbllcwiDg formulation was prepared:— 



10 



15 



Paxts 



Polynier 



Anti-static Agent 



High density polyethylene 
sold under the trade mark 
'"Bl^de^* (Natoial 9) 
British Resin Pkoducts Ltd. 

distearyl dimeth^ ammonium 
dodecyl benzene sulphonate 



Inorganic material thanium dioxide 



100 

1 
3 



20 An anti-static additive was prepared from polystyrene in Example 12. The mill surface 

the anti-static agent and titanium dioxide in a temperature waS| however 165^0 and the 

manner similar to that described in Example tenauperature of tlu press 

12. &mples dl die resultant product were pre- 30 

The additive thus prepared was compounded pared for resistiviiy and dust pick-tq) tests 

25 wldi'lUgidex'' Natural 9) in a manner siniilar as already desoribed and the foUowiog results 

to diat used for compounding the additive with were obtained: — 



Parts of anti-static agent 


SJL (ohms) 


0 


>10M 


1 


1.7 X 10» 



Example 16 

A hi£^ density polyediylene compositian of the Mowmg formulation was pr^ared: 



Parts 



Polymer 

Anti-static Agent 



•*Rigidcx" Natural 9 

distearyl dimethyl 
ammonium dodecyl 
benzene sulphonate . 



Inorganic material titanium dioxide 



.100 

0.05;0.10;0.25; 
0.50;0.75;1,005 
2.00;3.00;5,00 

3 parts per 
part of anti- 
static agent 



The process described in Example 15 was 
repeated for each cracentration of anti-static 
40 agent specified in the above formulation. 



Samples were prepared for testmg in the man- 
ner aheady described and the results obtained 
were as follows:—' 
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Parts of 
anti-static 
agent 


S.R. 

(ohms) 


Dust p 


ick-up 


Cdour of underside of 
polTmer after heating 


long 
tdm 


short 


5 mins. at 
ISO'* C. 


30 rnins. at 
250** G 


0 


>4 X 101^ 


2 


3 




off-white 


0.Q5 


>4 X 10»« 


2 


3 






0.10 


>4 X 10" 


2 


3 






0.25 


2.0 X 10" 


2 


3 






0.50 


1-6 X 10^ 


2 


3 






0.75 


7.2 X 10" 




3 






1.00 


4.2 X 10" 




2 


white 


cream 


2.00 


2.0 X 10»« 




1 






S.OO 


9.3 X 10" 




1 






5.00 1 
• 


6.3 X 10" 




1 







^T^feftS"^!'. X pdycthylene fommlatian was com- 

A bgb denaqr polyethylene composition of pounded in a mimer identical todiat descXl 

tajiS^JT^ Example 16 with the 

dunetfaj^ ammonfum dodeqrl benzene sul- 
phonate. 



15 



Colour of underside of polymer after heating 


5 mins. at 180" C 


30 mms. at 250** C 


off-white 


pale farown 



EXAMFLB 17 

A low density polyethylene composition of the foUowhig 



ion was prepared;* 
Forts 



Pdyzner Low density polyethylene 100 
sold under the trade mark 
"Alkathene" ja>G33 bv 
LCL Ltd. ^ 

Anti-static Agent distearyl dhnethyi ammonium 0.25; 0.50; 0 75- 

— dodeqrl benzene sulphonate 1. 00; 1.25; 1.50; 

2.00; 3.00; 5.00: 



Liorganic material titanium dioxide 



3 parte per part 
of anti-static agent 
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Hie compounding process used was that low density polyethylene were prepared and 5 

described in Example 15 except that the mill tested for suri^e resitivi^ and dust pick-up in 

suifiace temperature was 150°C and die press the manner already described, with m follow- 

temperatuie 145°C. Samples of the formulated ing results : — 



Parts of Awli-jBtatir 

agent 


SJL 
(ohms) 


Dust ; 




long term 


short term 


0 


>4 X 10^ 


3 


3 


0.25 


4.1 X 10" 


3 


3 


0.50 


3.0 X 10" 


2 


3 


0.75 


a) 1.5 X 10" 

b) 2.2 X 10" 




3 




b) 10.1 X 10^2 






1.25 


a) 4.1 X 10" 

b) 7,3 X 10" 






1,50 


a) 4.9 X 10" 

b) 7.6 X 10" 






2.0 


a) 4.7 X 10" 

b) 8.4 X 10" 






3.0 


a) 6.8 X 10" 

b) 4.3 X 10" 






5.0 


a) 4.5 X 10" 

b) '5.1 X 10" 







10 EZAMFLBS 18 TO 21 

A toughened pdystyrene compositioa of the following fonmilation was prepared: 



Parts 



Polymer 

Anti-static Agent 



"Carinex" natural 
as specified heremafier 



100 
1 



In each case the anti-static agem was mixed ture of ISS^C), The oompostdon was then 

with a part of the whole quantity of the processed substantially as described in Bzampk 

15 ''Cannex'' natural and tins mixture or master- 5. Surface resistivity and chist pick-up tests 

batch was added to the mill (surface tempera- gave the following results:— 20 
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Dust pick-up 


Eseample 
No. 


Anti-static agent 


S.R. 

(ohms) 


long 
term 


1 ■ - - 

short 
term 


18 


disteazyl dimethyl 
ammoniimi palm^ate 


4.7 X 


1 


3 


19 


dlstcarvl dimedivl 
ammoninm steaiate 




1 


3 


20 


disteaiyl dimedqi 
ammomnm cetosteaiyl 
sulphate 


2.0 X 10" 


1 


2 


21 


dlsccaryl dimethyl 
amiQomuiii P'^ttuuens 
sulphoiiate 


1.2 X 10" 


1 


1 




none (as hlank} | 


>4 X 10" 


3 


3 
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Example 22 
A high density polyethylene composition 
im compounded from 1 part of (ustearyl 
dimelliyl ammnnhim p-toluene sulphonate per 
100 parts of ''Rigides;" Natural 9, m the man- 
ner oescribed in Example 15, caxpt that the 
step of prepaiiiag an anti-static additive was 
amitced. TEe smaoe zesistinQr of the com- 
pounded ''Rigidcx'' Natural 9 was detennined 



and compared with that of an identically 
treated polymer which did not contain an 
anti-static agent. The surface resistivity of 
the blank was found to be greater than 10^^ 
ohms whereas that of tbe sample contaiohig 
the anti-static agent was 1,9 x 10" ohms. 
Example 23 
A high density polyethylene composidon of 
the followh^ fonnuladon was prepared: — 

Barts 



15 



Polymer 

Anti-stadc Agent 



•TEUgidex" Natural 9 

disteazyl dimethyl nTntnymj^ iyn 
pafanitate 



Inotganic material "Gasil" 23 



100 
1 

1 



25 



30 



A paste was pr^ared by adding a 50% 
dispersion of the anti^^tic agent in an organic 
solvent to the *'Garil". The paste was dried 
thoroughly in an oven at lOO^C and £cag- 
mented. 

The anti-static additive thus pr^ared was 
masterbatched with a proportion of the 
**Rigidex" Natural 9 and the masterbatch 
milled into the bulk of the polyethylene as 
already described in the forei^Khig examples. 



Samfdes of the compounded polymer were 
prepared and tested for dust pia^-up. The 
shm term dust pick-up was f oimd to be 2, 
whmas a sample which, apart firam not con- 
taining an and^static agen^ had been sub- 
jected to' identical processing conditions was 
found to have a shore term dost pidHip of 3. 
Example 24 
A toughened polvs^zene con^)osidon of die 
fdllowhig comp^don was prq)ared:— 

Parts 



Mymer "Cannae* Natural 100 

And-stade Agent Getosteatyl* tdmediyl i 
————— ammoninm dode^l benzene 
su^honate 



* Cetosteaiyl is used herek to denote the Cjo/Cja cut obtained fiom 
natnial mis, &r esamplet, and is a ndstore of cct^and steatyl residues. 



55 



40 
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Tile cetosteaiyl trimediyl flmmonium dodecyl 
benzene sulphonate was premixed with a small 
proportion of the polystyrene and then added 
to a two roll miU so as to fotm a band of 
flitxed material in a few minutes. 

The fluxed material was then gradually 
added to a two roll mill in which the bulk 
of the polystyrene was milled, the mixture 
being contimiously cross4)lended. The milling 
operation took 5 minutes and the rcU ttmpera- 



ture of the front of the mill was ISS^C. 

The resultant product was then prised for 
5 minutes at 155^0 to provide a smooth hide 
of about 0.05 inch uiickness from which 
samples were made for resistivity and heat 
stability tests. 

The surface resistivity was found to be 
1.0x10^ ohms. 

The colour of the samples was found to 
be as fbllows:-^ 



15 



20 



Mtial odour 
(Le» afiei pressing but 
prior to oven heating) 


Colour after 
5 mins* at 
180** C 


Colour afbe 
at 25 


t 30 mins. 


E^)08ed 
sumce 


Undeiside 


off-wMte 


off-white 


off-white 


brown 



25 



Compatative Expmtnmt 2 

Two samples of "Carinex" Natural were 
processed as described above^ the odly differ- 
ence being that one of ^e two samples did 
not contain an anti-static ageni^ whereas the 
other contained 1 part of Dacol*' (a com- 
mercially available dimethyl disteaxyl am- 



monium chloride) per 100 parts of the poly- 
styrene. 

Hie surface zesisdvitj^ and the colour 
changes produced on heatmg were determined 
for tibese sanq)les in a manner identical with 
that described in tiie Bxample, and the fol- 
lowing results were obtained: 



30 



35 





Surface 
Resistivily 
(ohms) 


Tm'rifll 

colour 


Colour 
after 5 
mins. at 
180** C. 


Colour after 30 mins. 
at 250* C 


exposed 
surface 


underside 


BliitiV 


>4 X 10"* 


off-white 


off-white 


light brown 


pale yellow 


containing 
sample 


5.1 X 


buff 


brown 


dark brown 


light brown 



(* maximnm readhig on Megdimeter « 4 x 10" ohms) 



These results show that the and-static 
properties ctf the polystyrene contahiing ceto- 
stearyl tdmethyl anunonium dodeqd benzene 
40 sulphonate were greats than tlu)8e of the 
polystyrene contaming the same proportion of 
the commercially available "Dacal". Further- 



more the colour degradation on heathig was 
less with the former conqiosidon than for the 
^'Dacd^-containing compositon. 

BXAMFLB 25 
A \Mx density polyediylene composition of 
the foliowmg fozmulation was prepared: — 



45 



Farts 



Polymer "Rigidex" Natural 9 100 

Ami-static Agent Cetostearyl tdmethyl ammonmm 1 
— — — — dodec^ benzene sidphonate 
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The ctanposMon was compounded in a Sur&ce resistivity and colour deeradfltion s 
J^&2fbSS5°^"^^*^- 24 wiAd«foItowing result,:!"' 



Surfece 
Resistivity 
(ohms) ' 


Mtial 
oolotir 


1 Colour 
after 5 
inins, at 

m°a 


Colour aft^ 30 mins. 
at 250^ C 


£xpos€d 
Surface 


Underside 


2.4 X la^ 


wMte 




brown 


pale yellow 



ComfanOfoeExfemnentJ out wiag "Rlgldex" Natural 9 in olace of 

10 Experiment sUtar to Aose described under ''Ca^ tSTX AxS m 

CompaiaareEqjetanent 2 above were carried given below -T^ ootamea are 





Soi&ce 
ResIstiviQr 
(ohms) 


Initial 
Cobur 


Colour 
after 5 
mins. at 

180* a 


Colour after 30 mins. 
at 250** a 


Exposed 
Sui&ce 


Underside 


Blank 


>10» 


^viiite 


white 


pale blown 


off-white 


**Dacor- 

containing 

sample 


6.1 X 10*1 


off-^vbite 


off-wliite 


brown 


yellow 



B3CAMFLE 25 

p4aS^ ^^^^ '^^'^ composition of the followmg fonnulation was 
• Parts 



Pdymer 
Plasddser 
Stabiliser 
Antistatic Agent 



"Gecm'* 112 (trade maik) 
Dioctyi phlhalatB 
"Flomax" 25 

CetDsteaxyl tdm^fayl ammonfam 
dodecyl benaseoe sn^honate . 



100 
30 
5 
1 



^ r^^^^^:XlS^'^^T9^'^^^ resistivity detenninations and the sample was 

plasnaser and stahfiw and added to th^ tfierefore not pressed. ^ 

as It paaed thnn^ the two i6U miU (155«^C> Samples w^Te pi«,ared for resistivity tests 

25 was suflBdently fiffloodi fbr suiface and vohmie 



30 



Volume Resistivity 
(ohm. cms.) 


Initial Colour 


10.2 X 10" 


some yellowing 
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Comparatwe Experiment 4 

Two samples of the polyvinyl chloride resin 
"Geon*' were formulated as described in the 
Example with the difierence that one sample 
did not contain an anti-static agent and the 



other contained 1 pan of 'Dacor' instead of 
cetostearyl trimethyl ammonium dodecyl bm- 
zene sulphonate. Volume resistivity and colour 
determmations were made as In the Example 
with the following results: — 



10 





Volume resistivity 
(ohm. cms.) 


Initial Colour 


Blank 


6.8 X 10" 


trace of yeUowing 


"Dacpr- 

tTn^t^ining sample 


6.5 X W 


orange 
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WHAT WE CLAIiVl IS 

1. A synthetic polymer composition having 
anti-static properties which comprises a syn- 
thetic organic polymer having incorporated 
therein up to 10%, by weight of the organic 
polymer, of a quaternary ammonnim conir 
pouod <i die Simula: 



therein up to 10%, by weight of the organic 55 
polymer, of a quaternary ammonium com- 
poimd of the formula: 



20 



40 



45 



50 



IR. rJ 



30 Xis 



35 



wherein Ri and Rs, which may be the same 
or different are straight chain alkyl groups 
containing from 10 to 18 carbon atoms, R^ 
end which may be the same or different, 
are straight chain aSkyi groqps containing from 
1 to 6 carbon atoms, R^ is a strai^ or 
branched chain alkyl or alkenyl group con- 
taining up to 18 carbon atoms, an aryl group, 
or an ara&yl or alkaryl grot^, the alkyl nesidue 
of which contains up to 18 carbon atoms, and 
X is an anicmic eroiip. 

2. A compositiim accordmg to claim 1, in 
which Ri and Rs contain £rom 16 to 18 carbon 
atoms, Rs and R4 are medxyl groups, R^ is an 
aliphatic group containing from 10 to 18 
carbon atoms or an alkaryl group, the alkyl 
residue of which contains from 10 to 18 carbon 
atoms, and X is -^COO— , — SO,— or 
— PO^ . 

3. A composition according to daim 1 or 2, 
in which the quaternary ammonium salt is 
dist&aryl dimethyl ammonium dodecyl benzene 
sulphonate, distearyl dhnethyl ammonium 
pahnitatse, dicetyl dimethyl ammonium dodecyl 
benzene sdphonat^ dicetyl dimethyl am- 
momum palmitate, distea^l dimethyl am- 
monium stearate or dice^ dimethyl am- 
monhmi stearate. 

4. A composition according to any of 
clauns 1 to 3, which comprises from 0.25 to 
5% of the quaternary ammonium salt based 
on the weight of the organic polymer. 

5. A synthetic polymer composition havhg 
anti-static properties which comprises a 
synthetic organic polymer having incorporated 



Pi R.1^ 

>N< 
IRi RJ 



[R«xr 



where Ri is a 8trata;ht chain alkyl group con- 
tamhag from 10 to 18 carbon atoms, Rs, Rs and 
R4) wtiidi may be ilie same or different, are 
straight chain alkyl groups contalmng from 
1 to 6 carbon atoms, R^ is a stra^ht 01 
branched cham alkji or alkenyi grotq) con- 
taining up to 18 carbon atoms, an arj^ gronp, 
or an araS^l or aHpuyl groim, the aO^l re- 
sidue of which contains up to 18 carbon atoms, 
and X is an anionic group. 

6. A composition accordmg to dahn 5, in 
which Ri is a straight chain alkyl group con- 
raining frcsn 16 to 18 carbon atoms, 

and R4 are mediyl or ethyl groups, R^ is an 
alkyl group containing from 10 to 18 carbon 
atoms or an anilkyl or alkaryl group, the 
aikyi residue of whidi contains from 10 to 
18 carbon atoms, and X is — COQr, —SO.*" 
or «— PO, . 

7. A composition accordhig to daim 4 or 5, 
in which the quaternary ammonium compound 
is stearyl trimethyl ammonhmi dodec^ ben- 
zole sulphonate, cetyl trimethyl ammonium 
dodeod benzene sulphonate, a mixture of 
stearyl trimethyl ammonium dodecyl benzene 
sulplKmate and cetyl trimethyl ammonium 
dodecyl benzene sulphonate, lauryl dimethyl 
ethyl ammomum dooecyl benzene su]^h<mate, 
lauryl dimethyl ethyl ammonium pahnitat^ 
stearyl dhnethyl ethyl ammonium stearate, or 
palmit^l dimethyl bntyi ammomum dodecyl 
benzene sulphonate. 

8. A composition according to any of claims 
5 to 7, which comprises from 0.25 to 5% of 
rile quaternary ammonium salt based on die 
weight of the oiganic polymer. 

9. A composMon according to any of dauns 
1 to 8, which additionally comprises from 1 
to 9 parts by weight of a finely divided in- 



60 



65 



70 



75 



80 



85 



90 



95 
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(^anic material having an (nl-absorpdve capa- 
city for each 3 parts by weight of the qaatcr- 
nary fltmrmnpim compouncL 

10. A compositiQn according to clahn 9, 
5 in which the inorganic material is sflica, chalk, 

dolomite diatomaceous earth, caldum siHcate^ 
barytes, barimn sulphate^ diina day, kaoUn or 
titanimn dioxide. ' 

11. A particoIatE composition capable of im- 
10 parting anti-static poperties to a synthetic 

OTj^anic polymer when incorporated therein, 
which consists of an intimate mixture of from 
one to nine parts by weight of a pulverulent 
inoiganic material having an Qil-absorptive 

15 capacity and three parts by weight of a quater- 
naiy ammonium conipound as ^Bned in any of 

- dauns 1, 2, 3, 5, 6 or 7. 

12. A particaiate composidon accordicig to 
daim 11, in which the inorganic material is 

20 siliw, chalk, dolomite^ diatomaceous earth, 
, caldum silicate, barytes, barium sulphate, 
china day, kaolin or titanimn dioxide. 

13. A process for the preparation of a 
synthetic pohmer compositon havhig anti- 

25 static pioperties, whidi comprises introducing 
mto a synthetic organic polymer up to 10%, 
based on the wdght of the mganic polymer, 
of a qoatemaiy ammonium salt as defined in ' 
anyofdaimsl, 2,3, 5, 6or7. 

30. 14, A process accoimng to daim 13, in 
which the quatemaiy ammonium salt is m the 

molten state when incQipotated into the organic 
polymer. 

15. Aprocess acordiqg to daim 13, in which 
39 the quaternary ammonhmi salt is dispersed ma 

liookl additive iior the polymer end the x&- 
odtfag disperwm is incorporated in the poly- 
mer. 

16. A process according to daim 15, in 
^ which the liquid additive is a stabiliser, piasti- 

dser or anti-ozidant for ibt polymer. 

17. A process accordmg to dahn 13, in 
\niich the quaternary ammonhun salt is in- 
timately mixed witii a pulverulent inorganic 



material having an oiKabsorptive capadty m 45 
the ratio of one to nine parts by wd^ of the 
hioigam*c material for every tbree parts by 
we^ht of the quaternary ammonium salt and 
the intimate mkture is incorpcwated in the 
polymer. 50 

18. A process aocordiog to daim 17. in 
which the quaternary ammonium sak is mdted 
and mixed, hi the molten state^ with the in- 
organic material. 

19. A process accorduig to daim 17, in 55 
whidi the quatemaiy ammonium salt is dis- 
solved or dispersed m an organic solvent the 
sohition or. dispersion is intimatdy mixed with 

the inozgamc material, and the mixcure is then 
dried and, if necessary, ground to yidd a 60 
particulate sdld which is hicorporated m the 
pdymer. 

20. A jprocess acoordmg to any of rf yj tT ^ I7 
to 19, m which the inorganfo material is 
silica, chal^ ddomit^ diatomaceous earthy 65 
calcium silicate barytes^ barium sulphate, 
china clay, kaolm or titanium dioxide. 

21. A process according to any of claims 
13 to 19, in which from 0.25 to 5% of the 
quaternary ammonium salt, based on the 70 
weight of the pdymer, is incorporated in the 
latter. 

22. A synthetic polymer composition accord- 
ing to daim 1 substantially as hetdn described 

in Example 1. 75 

23. A svnthetic polymer composition accord- 
ing to dahn 5 substantially as herdn described 
in either of Examples 24 or 25. 

24. A ^nthetic polymer compositiQn accord- 
hig to chum 1 substantially as nerehi described 80 
in any of Examples 2-^3. 

A. A, THORNTON & CO, 
Chartered Patent Agents^ 
Northumberland House, 
303—306 HiaJi Holborn, 
London, W.Cl, 
Far the Applicants. 



Ifamington Spa: F^riotcd fn Ha Maietty*« Stttkmery Office br die Ccrarier Vteu 
London, W.Ca, from which copies may be obtitaed. 
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SPECIFICATION No. Ifil4fi39 
Amendment No. 1 



10 Page 4) in the tablp, under the heading 

*Tolymer." /or "Rigid ip.vje.'* read "Rigid 

Page 9> Example 4> second tabl^ under the 
heading *%JL ohms." far "<10^*» read 
15 «>1^" 

Page Ezan^e 12, second table, first result 
gLven in the column hieaded "S.R. 
(ohmsr for** 4X10" " read •••>4X10^'' 
Page 19, line 61, for "RJ" read "R,," 

Tbe Patent Ofhce 
2SthP€bruary2966 



CORRECTIQK OF CLERICAL ERp OR 
SPECIFICATION NO. 1.0 14.^9 
AMBKDMENT KO. g 

Tlie roUowlng correcaon Is In acconiance with the Decision of the Supei 
Examiner, acting for the Caoptroller-General dated the eleventh day of July, 

Page SO, Una 78, for "either of Ezesiples S4 or £6. • insert "any of Exai 
to £8.» 

THE PATE3fT OFFICE, 

2Snd Septemberf 1966 1 
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